In a retrospective study (by questionnaire) of 8032 personnel exposed to anaesthetic gases in operating and recovery rooms in Ontario hospitals, and 2525 non-exposed hospital staff, the response was 78 8% for the exposed and 87-2% for the unexposed personnel during the period 1981-5. Logistic regression analysis, with age and smoking standardised, showed that women in the exposed group had significantly increased frequencies of spontaneous abortion and their children had significantly more congenital abnormalities (p < 0-05). No chronic disease was significantly associated with the exposed group. These findings, together with similar ones from other studies, suggest that it is prudent to minimise exposure to waste anaesthetic gases.
Exposure of workers to waste anaesthetic gases in the operating and recovery rooms of hospitals is of concern because of the reported adverse effects of such gases on the health of personnel in this occupational group. A mortality study in 1968 on the causes of death among anaesthetists in the United States showed an increased death rate from lymphoid and reticuloendothelial malignancies.' The authors did not rule out chance as a reason for the finding, however, and in a follow up study the findings were not supported. 2 Further study in 1977 among doctors in different specialties in the United Kingdom showed an excess of deaths from pancreatic cancer among full time but not among part time anaesthetists.3 Again, the authors suggested that the positive findings may have emerged by chance as a result of multiple comparisons.
Exposure to high concentrations of anaesthetics has been reported to affect health. Nitrous oxide concentrations as low as 50 ppm caused measurable performance decrements in psychological tests taken by healthy male graduate students.4 Nitrous oxide may result in haematological change5 and abuse of nitrous oxide causes peripheral neuropathy.6 Anaesthetic concentrations ofhalothane may result in acute hepatitis with liver necrosis.78
Possible chronic effects studied in exposed populations include cancer, and liver and kidney disease, but the findings are inconsistent."' Cohen and colleagues reported increased rates of cancer, hepatic disease and renal disease among the women in an operating room exposed group; doctors and nurses had a high prevalence ofliver disease, but only nurses had a high prevalence of kidney disease. No increase in cancer was found among exposed men, but an increased prevalence of hepatic disease similar in magnitude to that in the women was found.9 In dentistry liver disease (but not cancer or kidney disease) was more prevalent in both male dentists and female chair side assistants compared with controls. Neuropathies were also common in this exposed group.'0 The diagnosis of cancer among nurse anaesthetists was reported to be significantly higher than controls in another study."
Reviews of the outcomes and significance of pregnancies among women occupationally exposed to waste anaesthetic gases and among wives of men similarly exposed have been published from various countries-namely the Soviet Union,'2 Denmark,'3 United States,"' United Kingdom,"'7 Finland,'8 and Sweden. '9 The results of all the studies were based on questionnaires or on birth and employment records that reported spontaneous abortions and complications of pregnancy. Some of these studies showed a positive relation between exposure to anaesthetics and the frequency of spontaneous abortions' "" but others did not.'6 '7 Likewise, the frequency of congenital abnormalities among the children of workers exposed to anaesthetic gases was high in some studies9' '1 but not in others. ' Returns from 29 810 exposed and 10 234 unexposed persons were analysed. After standardisation for age and smoking, women in the exposed group reported significantly increased frequencies of spontaneous abortions and congenital abnormalities. In addition, there was a significantly higher frequency of congenital malformations among children of the wives of exposed male nurses and technicians. The same questionnaire was used by others to investigate the possible effect of anaesthetics among dentists.'0 They reported a significant increase in the frequency of spontaneous abortion among the wives of exposed dentists compared with controls, but the difference in the malformation rate was not significant. In a follow up study five years later an increased frequency of spontaneous abortions was found among the wives of dentists and also among women chair side assistants. As dentists commonly use nitrous oxide, these findings can be attributed to this anaesthetic. 20 Results of several studies on animals provide supporting evidence for a causal relation; short term exposures to nitrous oxide were shown to be embryotoxic and teratogenic in Results were analysed according to the anaesthetic exposure of the respondent. This was estimated from information provided on the questionnaire (occupation and years of exposure) and from information provided by the concurrent hygiene study findings (average weekly duration of exposure for the various occupations).
Results
Questionnaires were distributed to 8032 hospital staff exposed to waste anaesthetic gases and 2525 unexposed hospital staff. Table 1 shows that the response rate for completion of the questionnaire was 78-8% for the exposed group, 90 8% for the randomly selected exposed group, and 87-2% for the control group. In addition, table 1 shows the distribution of returned questionnaires by occupational groups. Doctors were more reluctant to respond than other groups. When followed up by telephone, as was necessary for the random sample, the response rate from doctors improved, but was still about 10% less than for other staff. Table 2 shows the weekly exposure to anaesthetic gases by occupational group. The data were derived from the questionnaire and the hygiene study findings on average weekly exposure for the various occupations. 39 A total of 16 724 pregnancies was-reported; 13 068 by the exposed women and spouses of exposed men (including 2936 in the random group), and 3656 by the unexposed women and the spouses of unexposed men. Of the 13 068 pregnancies reported by the exposed female workers and wives of exposed men 2836 occurred before exposure to anaesthetics and these were excluded from the analysis. Thus 10 232 pregnancies in the exposed group and 2225 in the random sample were available for statistical analysis. Table 3 shows the results and the number of unknown results of pregnancy by occupational group. The mean number ofpregnancies per person differed significantly between the exposed and unexposed groups (2 06 for the exposed and 1-66 for the unexposed groups). This may have been due to the younger control population (mean age 36-9 years for the unexposed and 40 8 years for the exposed groups). To overcome this problem analysis was based on age at the time of pregnancy. For male respondents all results refer to their spouses. Excluding the 57 unknown pregnancy results, spontaneous abortion was found to be significantly higher in the exposed group and the randomly selected exposed group than in the control group. The levels of significance did not change when analysis included the 57 as normal outcome. Table 4 shows the association between reproductive effects and anaesthetic exposure adjusted for the effects of potential confounders by linear logistic regression as used in similar retrospective cohort studies. The adjusted odds ratio for spontaneous abortion was significant between exposed and unexposed female workers. The adjusted odds ratio for spontaneous abortion was also significant between wives of exposed workers and wives of unexposed workers. Recurrent spontaneous abortions were also associated with exposure to anaesthetics (table 5). Table 6 shows the proportion ofrecognised pregnancies which ended in abortion before the 20th week. The spontaneous abortion rates for the pregnancies of exposed female nurses and others and wives of exposed male doctors and others were significantly higher than in the controls. This was not the case for exposed female doctors and wives of male nurses. Further analysis using 10 weeks gestation to differentiate between early and late abortion showed that there was no significant difference in the late abortion rate between all groups. There was, however, a significant difference in the early abortion rate similar to the group findings shown in table 6 . The odds ratio for congenital abnormalities with exposure in fenmale workers was significant with an increased risk in younger children. The mother's age at the time of pregnancy was a negative factor for exposed female workers, whereas smoking during pregnancy was an added risk for wives of exposed workers. All anomalies were counted in the analysis. The exposed group reported a significantly higher proportion of minor malformations such as birth marks and naevi.
Analysis of the mode of administration of the questionnaire and other factors such as geographical location or residential district had no effect on the distribution of reported health effects. There was a low response to the question of alcohol consumption during pregnancy, either because of reluctance on the part of the respondent or lack of recollection, particularly in the male respondents (11-4% of response). This prevented us from determining the effect of alcohol consumption on the outcome of pregnancy among male respondents. Alcohol consumption during pregnancy in female respondents seemed to be associated with the occurrence of congenital abnormality; it was however, negatively associated with spontaneous abortion (table 4) .
Analysis by chi-squared test showed no significant difference between the exposed and the unexposed groups in the frequency of chronic disease (table 7) . Tables 8 and 9 compare the findings of this study Because of the fear of a low response rate from the large exposed group, one out of every five exposed workers was randomly chosen for vigorous follow up in order to ensure a conclusion from the analysis. The data from the randomly selected exposed population Unlike results from the ASA study, a relation between exposure to anaesthetics and the incidence of chronic disease (cancer, leukaemia, and liver and kidney disease) was not demonstrated. The results, however, suggested an association between exposure to anaesthetics and adverse reproductive outcomes in exposed women; a significantly increased risk of spontaneous abortion; and more risk of having children with congenital abnormalities. This agrees with findings from the ASA study.
Of concern is the difference between the average abortion rate before the 20th week among unexposed women doctors (9 2% ) and the rate for the wives of unexposed doctors (3-5%) (table 6), which resulted in a significant difference between the wives of exposed and unexposed male respondents. This suggests underreporting by unexposed male physicians in respect of their wives. Alternatively, the difference in abortion rates may imply a significant effect of exposure in the men. This difference agrees with the findings from studies on dentists,'120 and exposure to nitrous oxide appears to be a common factor. Furthermore, nitrous oxide was inadequately controlled in Ontario hospitals. '9 The results on congenital abnormalities must be judged with caution as, again, there may be reporting bias"8; all reported anomalies were counted, whether trivial or serious, and it is possible that exposed individuals may have reported trivial anomalies that were ignored by unexposed respondents.
In summary, the results show an association between exposure to anaesthetic gases and abnormal pregnancy. It is necessary to be aware of the problem with studies of this type in which the subjects know the purpose; the results may not accurately reflect the effects of exposure as there may be reporting bias. Because of the consistency of the findings noted among different studies, it is obviously important to minimise the circulation of anaesthetic gases in operating and recovery rooms.
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